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LOAD CONTROLLED FLUID SYSTEM HAVING 
’ PARALLEL WORK ELEMENTS ' I 

' BACKGROUND OF THE INVENTION 
In the operation of a ?uid system serving a plurality 

of parallel work elements, the work elements some 
times demand large volumes of ?uid from their asso 
ciated hydraulic ?uid ‘pump. Sometimes there arise 
situations where the work elements demand ?uid at a 
rate greater than the capacity of the pump. In such 
situations, one or more of the work elements will be 
demanding more ?uid than they are capable of receiv 
ing while another work element may be requiring ?uid 
at a very high pressure in order to continue to function 
under its existing load. Since the ?uid passing to the 
work elements is free to travel the path of least resis 
tance, the above-mentioned work elements demanding 
additional ?uid will be supplied the required ?uid at the 
expense of denying the increased pressure demanded 
by said other work element.‘ ' ‘ 

This problem associated with a plurality of work 
elements connected in parallel can be avoided by pro 
viding a pump having a capcity greater than the total 
demand capacity ‘that could ever be required by the 
work elements. However, to so construct the work 
vehicle wouldproduce a waste of materials, time, and 
labor for constructing, maintaining, and handling the 
resultant large‘ pump. Further, the undesirably ‘large 
pump would add considerable extra weight to the vehi 
cle and would require extra fuel‘ to operate which 
would further represent a waste of energy. 

It is therefore desirable to provide a ?uid system 
apparatus which will control the system in a manner 
.‘such that when the work elements approach a total 
?uid demand exceeding the capacity of the associated 
?uid pump, the actual demands of the work elements 
will be automatically overridden in response to a load 
pressure signal and ?uid delivery to the individual work 
elements will be automatically, controllably maintained 
at reduced rates relative to their individual actual de 
mand. ' 

This invention therefore resides in controlling the 
?uid delivered to individual parallel work elements in 
response to a load pressure signal and the total ?uid 
demand of the work elements relative to the maximum 
capacity of the pump. 

BRIEF DESCRIPTION OF THE DRAWINGS 
FIG. 1 is a diagrammatic view of one embodiment of 

a hydraulic system of this invention having a plurality 
of pumps each serving ?rst and second circuits having 
a plurality of parallel work elements; and 
FIG. 2 is a diagrammatic more ‘detailed view‘of one of 

the hydraulic circuits of FIG. 1 having another embodi 

DETAILED DESCRIPTION OF THE INVENTION 
Referring to FIG. 1, a ?uid system preferably a hy 

draulic system 10 of a work vehicle l2'has 'a' power 
source 14, for example an engine, connected'to a pilot 
pump 16' and one or more variable displacement hy 
draulic ?uid pumps 18, 20 for delivering pilot pressure 
signals and hydraulic ?uid. The hydraulic system 10 has 
one or more'hydraulic circuits 2'2, 24 served by the 
pilot pump 16 and the power source '14. 
Each hydraulic circuit 22, 24 has a variable’displace 

ment pump '18, 20, an associated pump control assem 
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bly 26, 28,‘ and a plurality of different work elements 
30, 32 and 34, 36. 
FIG. 2 shows one of the hydraulic circuits 22 in 

greater detail.- The elements of the ?rst and second 
hydraulic circuits 22, 24 are generally common relative 
one to the other and only the ?rst hydraulic circuit 22 
will be described in detail for purposes of brevity. 
’ Referring to FIG. 2, each hydraulic circuit, here cir 
cuit 22, has its respective plurality of work elements 30, 
32 connected to the discharge of the pump 18. Each of 
the work elements 30, 32 has a control valve 38, 40. 
Each of the control valves 38, 40 have a pressure 

compensated ?ow rate control element 42 and a ?ow 
direction control element 44. The control valves 38, 40 
are positioned in the hydraulic ?uid stream passing 
from the pump 18 to the respective work element 30, 
32. Means of each control valves 38, 40 are movable 
between ?rst and second positions for selectively sub 
stantially opening and closing valve outlets. Each con‘ 
trol valve 38, 40 is opened and closed in response to 
respective pilot pressure signals delivered through re 
spective lines 46, 47 and 48, 49 from a respective work 

, element pilot control valve. The work element pilot 
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control elements 50, 52 and control valves 38, 40 and 
their functions are well known in the art. ‘ 
A ?rst means 54 is provided for sensing the discharge 

pressure of the pump 18 and delivering a discharge 
pressure signal in response thereto. A second means 56 
is' associated with the plurality of parallel work ele 
ments 30, 32 for sensing the load pressure of each work 
element'30, 32 and delivering a load pressure signal 
responsive to the largest of said sensed’ load pressures. 
The discharge pressure signal is passed through line 58 
and the'load pressure signal is passed through line 60. 
A demand margin valve 62 is connected by lines 64, 

66 to the pilot pump 16 and the work element pilot 
control elements 50, 52 for controllably altering the 
magnitude of the pilot pressure signal vfrom the pilot 
pump 16 and delivering a resultant pressure signal W 
through line 66 to said ,pilot control elements 50, 52. 
The demand margin valve 62 has a spool 68 movable 

between substantially open and closed ‘positions for 
altering the pilot pressure signal. The spool is moved in 
response to a preselected biasing force and the load 
pressure signalas opposed by the discharge pressure 
signal. Line 70 is connected to line 60 and to the de 
mand margin valve 62 for delivering the load pressure 
signal from line 60 to the demand margin valve 62. The 
demand margin valve 62 is connected to line 58 for 
receiving the discharge pressure signal. The biasing 

‘ element or spring 72 of the valve 62 provides the bias 
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ing force. ' ~ 

Control means 74 is providedfor altering the magni 
tude of a pilot pressure signal and delivering a resultant 
signal X for controlling the respective pump 18. The 
pilot pressure signal is altered in response to a prese 
lected ‘biasing forceand a load pressure signal as op 
posed by the discharge pressure signal. The control 
means 74 is connected to the discharge of the pump 18 
via lines 76 and 78 and to the load pressure signal via 
line 80. The control means 74 is a valve of similar 
construction to valve 62 and has a biasing means such 
as a spring 82 for providing the preselected biasing 
force. 
Each of the variable displacement pumps 18, 20 has 

‘a movable swash plate 84 for controlling the ?uid dis 
charge rate of the pump 18 and the respective pump 
control‘assemblies 2‘6, 28 have a servo valve 86 for 
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receiving a pressure signal and control ?ow to move the 
swash plate 84 in response to the received signal. Vari 
able displacement pumps having associated servo 
valves are well known in the art. 

In the above-described system, the signal X is deliv 
ered to the servo valve for controlling the discharge of 
the pump 18 in response thereto. 
A third means 88 is provided in the hydraulic system 

10 for altering the magnitude of a signal and delivering 
a resultant signal Y for controlling one or more of the 
pumps 18, 20. In the embodiment of FIG. 2, the third 
means 88 alters the pilot pressure signal in response to 
a preselected biasing force that is opposed by a pres 
sure signal that is responsive to the power output of the 
power source 14. The pump discharge pressure which 
is a function of power output of the power source 14 is 
delivered to the third means 88 for opposing the biasing 
force. 

In the embodiment of FIG. 1, the third means 88 
senses the power output of the power source, develops 
a signal in response thereto, controllably alters the 
magnitude of the developed signal in response to a 
biasing force opposing said signal, and delivers a resul 
tant‘signal Y from the third means 88‘ via lines 98, 100 
vto the respective pump control assemblies 26, 28 of the 
respective pumps 18, 20. In the embodiment of FIG. 1, 
the third means can be, for example, a summing valve 
as is known in the art. 
As set forth above, it should be understood that the 

third means 88 can be utilized for controlling a single 
pump or a plurality of pumps without departing from 
this invention. 
The hydraulic system 10 can therefore have one or a 

plurality of circuits 22, 24 each associated with a sepa 
rate pump 18, 20. Each pump 18, 20 can be controlled 
by a resultant signal X or by a resultant signal Y as set 
forth above. In a preferred embodiment, as shown in 
_FIG_. 2, each circuit 22, 24 has a fourth means 102 for 
sensing the associated signals X and Y of respective 
lines 98, 100 and delivering the largest of said sensed 
signals as a resultant signal Z for controlling the respec 
tive pump 18, 20. As shown, the fourth means can be a 
pair of check valves 106, 108. The signals X or Y or Z 
are delivered to servo valve 86 for biasing the asso 
ciated swash plate 84 and controlling the fluid dis 
charge rate of the pump, as is known in the art. 

In the operation of this invention, the servo valve 86 
of a pump is biased by a resultant pressure signal X or 
Y or Z for controlling the discharge rate of the pump 
through the swash plate. In each embodiment, the 
pump control assembly is further controlled indirectly 
by the demand margin valve 62 altering the pilot pres 
sure signal in response to a pump discharge pressure 
signal as opposed by its preselected biasing force and 
the largest load pressure signal of the work elements. 
At operational conditions where the capacity of the 

pumps are satisfying the fluid and pressure demands of 
all the work elements, the various control elements of 
this invention control the operation of the pump to 
automatically meet these demands. 
Since the work elements are connected in parallel, 

fluid from the pump will follow the path of least resis 
tance where ?uid demand is greater than pump capac 
ity. Therefore, if work elements 30, 32 are demanding 
fluid at a rate greater than the discharge capacity of the 
pump 18 and one of the work elements 30, for exam 
ple, is under heavy load, the other work element 32 will 
be the path of least resistance for the ?uid, ?uid will 
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selectively ?ow to element 32 and ?uid pressure cannot 
build to a value sufficient to operate element 30 which 
is under the heavy load conditions. 
This problem is solved by this invention without pro 

viding pumps that have excessive discharge capacity 
over what is generally needed under routine operating 
conditions. 
As the hydraulic system circuit approaches maximum 

capacity of the pump and the work elements are requir 
ing more ?uid than they are receiving, the largest load 
pressure signal from element 30 will cause the pilot 
pressure signal to be altered by the demand margin 
valve and the resultant pressure signal W to be de- . 
creased in response to said load pressure signal. In 
effect, this will cause the demands made through each 
work element pilot control element to be “overrid 
den”. Although a pilot control element 50, for exam 
ple, may be signaling for maximum ?uid, the lowering 
of signal W will cause the control signals from each 
pilot control element 50, 52 passing through respective 
lines 46, 47 and 48, 49 to be altered for controllably 
reducing through control valve means 38, 40 the ?uid 
deliverable to work elements 30, 32. Therefore, as the 
?uid delivered to work element 32 decreases in re 
sponse to the decreased work signal W, the pump is 
capable of delivering the needed ?uid pressure to work 
element 30 for the operation thereof. 
By so'constructing this system, the disadvantage of 

connecting the work elements in parallel is overcome 
while avoiding the waste associated with providing a 
pump which will be operated below maximum capacity 
much of the time. 
Further control is provided by the various embodi 

ments which utilize resultant signals X, Y, or Z as con 
trol signals to the servo valve, as set forth above, in 
combination with the control provided by altering sig 
nal W. 
Other aspects, objects and advantages can be ob 

tained from a study of the drawings, the disclosure, and 
the appended claims. 
What is claimed is: 
1. In a ?uid system of a work vehicle having a power 

source, a pilot pump connected to the power source for 
delivering pressure signals and at least one ?uid circuit 
having a variable displacement pump connected to the 
power source, a pump control assembly, and a plurality 
of different work elements each connected in parallel 
through a respective control valve to the discharge of 
the pump, said control valves each being movable be 
tween substantially closed and open positions in re 
sponse to a pilot pressure signal as controlled by a 
respective work element pilot control valve, the im 
provement comprising: 

?rst means for sensing the discharge pressure of the 
pump and delivering a discharge pressure signal in 
response thereto; . 

second means associated with the plurality of parallel 
work elements for sensing the load pressure of each 
work element and delivering a load pressure signal 
responsive to the largest of said sensed load pres 
sures; and 

a demand margin valve positioned in the pathway of 
a pilot pressure signal at a location upstream of the 
work element pilot control. valves, said demand 
margin valve being movable between substantially 
open and closed positions in response to a biasing - 
force and the load pressure signal as opposed by 
the discharge pressure signal for controllably alter 
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ing the magnitude of the pilot pressure signal and 
delivering a resultant pressure signal W to the plu 
rality of work element pilot control valves. 

2. Apparatus, as set forth in claim 1, wherein each 
?uid circuit includes: 
control means for altering the magnitude of a pilot 

pressure‘signal in response to a biasing force and ‘ 
the load pressure signal as opposed by the dis 
charge pressure signal and delivering a resultant 
signal X for controlling the output of the respective 
pump. 

3. Apparatus, as set forth in claim 2, wherein the 
variable displacement pump of each ?uid circuit has a 
movable swash plate for controlling the fluid discharge 
rate of the pump and the pump control assembly has a 
servo valve for receiving the signal X and controlling 
?ow to move the swash plate in response thereto. 

4. Apparatus, as set forth in claim 1, wherein there 
are at least two ?uid circuits each connected to the 
pilot pump and being of common construction relative 
one to the other. 

5. Apparatus, as set forth in claim 4, wherein the ?uid 
system includes: 

third means for controllably altering the magnitude 
of a pilot pressure signal in response to a biasing 
force opposed by the discharge pressures of the 
pumps and delivering a resultant signal Y for con 
trolling the output of each pump. 

6. Apparatus, as set forth in claim 5, wherein each 
variable displacement pump of each ?uid circuit has a 
movable swash plate for controlling the ?uid discharge 
rate of a respective pump and each pump control as 
sembly has a servo valve for receiving the signal Y and 
controlling the ?ow to move the swash plate in re 
sponse thereto. 

7. Apparatus, as set forth in claim 5, wherein each 
?uid circuit includes: 

control means for altering the magnitude of a pilot 
pressure signal in response to a biasing force op 
posed by the load pressure signal and delivering a 
resultant signal X for controlling the output of a 
respective pump; and 

fourth means for sensing the resultant signals X and 
Y and delivering the largest of said sensed signals 
as a resultant signal Z for controlling the output of 
the respective pump. 

8. Apparatus, as set forth in claim 7, wherein each 
variable displacement pump of each ?uid circuit has a 
movable swash plate for controlling the ?uid discharge 
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6 
rate of a respective pump and each pump control as 
sembly has a servo valve for receiving the signal Z and 
controlling ?ow to move the swash plate in response 
thereto. ~ 

9. Apparatus, as set forth in claim 1, wherein the ?uid 
system includes: 

third means for sensing the power output of the 
power source developing a signal in response 
thereto, controllably altering the magnitude of the 
signal in response to a biasing force opposing said 
signal, and delivering a resultant signal Y for con 
trolling the output of the pump. 

10. Apparatus, as set forth in claim 1, wherein the 
?uid system includes: _ 

at least two ?uid circuits each connected to the pilot 
pump and being of common construction relative 
one to the other; 

third means for sensing the power output of the 
power source developing a signal in response 
thereto, controllably altering’the magnitude of the 
signal in response to a biasing force opposing said 
signal and delivering a resultant signal Y for con 
trolling the output of each pump. 

11. Apparatus, ‘as set forth in claim 10, wherein each 
variable displacement pump of each ?uid circuit has a 
movable swash plate for controlling the ?uid discharge 
rate of a respective pump and each pump control as 
sembly has a servo valve for receiving the signal Y and 
controlling ?ow to move the swash plate in response 
thereto. 

12. Apparatus, as set forth in claim 10, wherein each 
?uid circuit includes: 

control means for altering the magnitude of a pilot 
pressure signal in response to a biasing force op 
posed by the load pressure signal and delivering a 
resultant signal X for controlling the output of a 
respective pump; and 

fourth means for sensing the resultant signals X and 
Y and delivering the largest of said sensed signals 
as a resultant signal‘ Z for controlling the output of 
a respective pump. 

13. Apparatus, as set forth in claim 12, wherein each 
variable displacement pump of each ?uid circuit has a 
movable swash plate for controlling the ?uid discharge 
rate of a respective pump and each pump control as 
sembly has a servo valve for receiving the signal Z and 
controlling ?ow to move the swash plate in response 
thereto. 
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